We infer the slip distribution and average rupture velocity of the magnitude M W 8.4 September 12, 9
Introduction 26
On September 12, 2007 at 11:10:26 UTC an earthquake of magnitude M W 8.4 occurred off the 27 west coast of Sumatra about 130 km SW of Bengkulu. The epicenter was localized at 4.517°S and 28 101.382°E, between the Sunda trench and Bengkulu (Figure 1 ). The induced sea-floor displacement 29 generated a moderate tsunami that nevertheless propagated through the Indian Ocean and was 30 recorded for example also by the tide-gauge at Salalah, Oman. Apart from minor aftershocks, it was 31 followed, 12 hours later, by another earthquake of magnitude M W 7.9 near the Sumatra coast, 185 32 where the historical earthquakes of 1797 and 1833 also generated significant tsunamis [Nalbant et 36 al., 2005] . 37 This is the fourth very large earthquake to occur on the Sunda megathrust and generating a 38 significant tsunami in less than three years ( Nias earthquake has also a significant overlap with that of the historical 1861 earthquake and 47
Both the UHSLC and the DART 23401 records of this tsunami have a sampling rate of one minute. 77
The positions of the stations we choose for the inversion are plotted on the map of Figure 1 . Before 78 using these data in the inversion, we remove tidal components to extract the tsunami signal and we 79 select only the first cycles of the waveforms that are less sensitive to local bathymetry than later 80 arrivals. We use an even narrow time window for Padang and Sibolga stations since they clearly 81
show a resonant character in the later phases. 82 83
Seismic Source Parameters 84
To define the dimension of the causative fault, we use the spatial distribution of the aftershocks 85 occurred during 12 hours after the mainshock, that is available at the National Earthquake 86
Information
Center website of the U.S. Geological Survey (USGS; 87 http://neic.usgs.gov/neis/epic/epic.html). We choose a region large enough to contain all the 88 aftershocks, and then we end up with a length of 350 km and a width of 200 km (Figure 2) . 89
The strike of the source is 323° roughly parallel to the Sunda trench [Bird, 2003] . The dip is fixed at 90 12°, using the quick moment tensor solution of the Global CMT project. We adopt a slip direction 91 (rake) of 105°, basing both on the focal mechanism and on the finite fault model calculated by C. Ji 92 according to the algorithm described in Ji et al. [2002] , and available at 93 http://www.geol.ucsb.edu/faculty/ji/big_earthquakes/2007/09/sumatra_seismic.html/. 94
We split the source region into 28 square subfaults of dimension 50x50 km (see Table 1 
Tsunami Modeling and Bathymetric Dataset 99
For each of the subfaults we calculate the corresponding marigrams at the coordinates of the tide-100 gauges, which are the Green's functions we will use for the inversion.
The initial seawater elevation is assumed to be equal to the coseismic vertical displacement of the 102 sea bottom corresponding to an assumed "unitary" slip of 3 meters [Piatanesi and Lorito, 2007] , 103 and computed through the Okada's analytical formulas [Okada, 1992] To improve the bathymetry in shallow waters, particularly along the coast of Sumatra and around 117 some of the tide-gauges, we digitize, where available to us, 9 nautical charts (United Kingdom 118 Hydrographic Office, 2005; see Figure 1 ). We then remove the shallow water points from GEBCO 119 in correspondence of the digitized dataset and interpolate both on local 0.5 arc-min subgrids, before 120 resampling to 1 arc-min and merging to the whole domain. 121 122
Inversion 123
We use a non linear inversion method based on the simulated annealing technique to 124 simultaneously infer both slip distribution and average rupture velocity, with a L1-L2 hybrid norm 125 as cost function. The details can be found in Piatanesi and Lorito [2007] and in Lorito et al. [2008] , 126 and in the references therein. 127
The average rupture velocity is assumed to be the uniform velocity of a circular front propagating 128 out from the hypocenter on the fault plane. We consequently add the appropriate delay to the 129 Green's function corresponding to each subfault, according to their distance along the rupture path. Table 1 The slip distribution of the best model we find is shown in Figure 3 . According to our results, the 165 rupture propagated with a velocity of 2.1±0.4 km/sec, with a relatively low slip (2 to 3 meters) 166 around the hypocentral zone. The rupture then propagated to the North-West featuring the highest 167 slip concentration (up to 12 meters) at about 3-3.5°S and 101°E, at a depth ranging between 20 to 168 30 km. We notice that this main patch is surrounded by most of the aftershocks. We also plot the 169 resulting coseismic vertical displacement, to be compared with the geodetic data when available. 170
The whole set of results, best model and average model with associated errors is reported in Table 1  171 in the online supplementary material. The best model slip values always fall well inside the error 172 bars. Conversely, the best model velocity lies at the upper edge of the error bar, confirming the best 173 model is an extreme one in this context and as velocity is concerned. 174
The match between the recorded and inverted waveforms is generally good (Figure 4) . In some of 175 the cases, as those of Padang (the nearest station to the source) and the DART buoy (the most 176 reliable data) is excellent. The worst case is Diego Garcia, with at least the period well reproduced, 
